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論 文 要 旨 
1. Introduction 
   Atomic-layer transition-metal dichalcogenide (TMD) thin films are currently a target of 
intensive studies because of the emergence of exotic physical properties distinct from those of bulk. 
Although the TMDs exhibit various physical properties depending on the composition elements, 
most of the previous studies concentrated on the TMDs with group-VI transition metals. In order to 
reveal the physical properties of atomic-layer group-IV and V TMDs, we have established 
fabrication condition and investigated the electronic states by angle-resolved photoemission 
spectroscopy (ARPES). 
 
2. ARPES study of monolayer NbSe2 and TaSe2 
   To reveal the electronic structure and physical property specific to the two-dimensional limit, we 
have fabricated monolayer NbSe2 and TaSe2 by molecular beam epitaxy, and investigated the 
electronic structure by ARPES. Main results are the following. 
 
Selective fabrication of 1H- and 1T-phases 
   To establish the growth condition of monolayer NbSe2 and TaSe2, we have fabricated the 
monolayer NbSe2 and TaSe2 films by MBE at various substrate temperature (Ts) and performed 
the ARPES measurements. We have succeeded in selectively fabricating 1H- and 1T-phases by 
tuning the Ts. From the ARPES measurements of these samples, we found that 1H-phase grown at 
lower Ts has metallic electronic structure similarly to the case of bulk 2H-phase. On the other hand, 
it was also revealed that 1T-phase grown at higher Ts has insulating electronic structure which is 
not reproduced by the first-principles band-structure calculations. 
 
Mott-insulating phase in 1T-phase 
   To clarify the origin of discrepancy between the ARPES and calculations, we have investigated 
detailed electronic structure of monolayer 1T-NbSe2 and 1T-TaSe2 by ARPES. From the 
observation of hybridization gap derived from the √13
＿
E13 E × √
＿
A CDW formation and from its similarity 
to the signature of bulk 1T-TaSR2R and 1T-TaSeR2R, we concluded that the observed insulating gap is 
derived from the Mott-Hubbard transition associated with the reduction of the band width due to 
the CDW formation. Also, we found that the Mott-Hubbard transition temperature is much higher 
than that of bulk, and the Mott phase is fairly robust against electron doping. We concluded that 
such robust Mott states is derived from the reduction of band width associated with the 
disappearance of interlayer interaction. 
 
UAnisotropic band splitting in 1H-phase 
   To clarify the electronic structure specific to the two-dimensional limit, we have performed the 
ARPES measurements of monolayer 1H-NbSeR2R and 1H-TaSeR2R with high precision. As a result, we 
observed anisotropic band splitting whose magnitude becomes maximum (zero) along the ΓK (ΓM) 
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cut. Since such anisotropic band splitting was reproduced by a band calculation only when we 
consider spin-orbit coupling (SOC) and the 1H structure has no inversion center (this is different 
from the 2H structure), we concluded that the anisotropic band splitting is derived from broken 
inversion symmetry and SOC. Also, we found that monolayer 1H-TaSeR2R has larger spin splitting 
than that in monolayer 1H-NbSeR2R likely because of a larger spin-orbit coupling. 
 
3. Dimensionality control of HfTeR2R upon K-deposition 
   To establish the method to systematically control the dimensionality in TMDs, we have 
performed ARPES on pristine and K-deposited bulk HfTeR2R as a demonstration. Main results are 
summarized below. 
 
UElectronic structure of pristine HfTeURU2 
Electronic structure of pristine HfTeR2R: To clarify three-dimensional electronic structure of 
pristine bulk 1T-HfTeR2R, we have performed ARPES using synchrotron radiation. We found that bulk 
1T-HfTeR2R has a three-dimensional semimetallic electronic structure with hole and electron pockets 
at the Γ and M points in the Brillouin zone, despite quasi-two-dimensional crystal structure. 
 
UElectronic structure of K-deposited HfTeURU2 
To clarify an influence of K-deposition to the electronic structure, we have investigated an 
evolution of electronic states upon K deposition. We found that the original three-dimensional 
electronic structure in pristine bulk 1T-HfTeR2R converts into the purely two-dimensional electronic 
structure upon K deposition. Also, we observed the bilayer/trilayer- and monolayer-like electronic 
structure in lightly and heavily K-dosed HfTeR2R, respectively. We concluded that such dimensionality 




   To study the evolution of electronic structure associated with dimensionality reduction, we 
fabricated monolayer NbSeR2R and TaSeR2R by MBE, and investigated electronic structure by ARPES. 
We have succeeded in selectively fabricating monolayer 1H- and 1T-phases by accurately tuning TRsR 
during the growth. Also, we revealed unique electronic states specific to the 2D limit such as 
spin-momentum locking and robust Mott states. Moreover, we established a new method to control 
dimensionality of the electronic states in a representative bulk TMD system, HfTeR2R by utilizing K 














 本論文では、TMD の一つである NbSe 2 の単層膜を MBE 法によって作製し、その電子状態
を ARPES によって明らかにした。その結果、バルクでは三角プリズム(2H)構造が安定構造で
あるにも拘らず、試料作製条件を精密に制御することでバルクでは実現しない正八面体構造
を有する 1T-NbSe 2 単層膜を作製することに成功した。さらに、ARPES および走査トンネル分
光によってその電子状態を調べることで、電荷密度波によって強調された電子相関効果によ
って 1T-NbSe 2 がモット絶縁体化していることを明らかにした。本論文では、試料作製条件を






本論文では、さらに、Nb と同族でより大きなスピン軌道相互作用を持つ Ta を基本構成元
素とした TaSe 2 単層膜を MBE 法を用いて作製し、その電子状態を ARPES を用いて研究した。
その結果、TaSe 2 単層膜においても試料作製条件の精密制御によって 1T および 1H 構造の作
り分けができることを明らかにするとともに、1T 構造における極めて強固なモット絶縁相と、
1H 構造における巨大なスピン分裂を明らかにした。  
また、本論文では、MBE 法に変わる新たな単層薄膜作製手法の開拓を目的に、バルク
TMD の一つである HfTe 2 にアルカリ金属である K 原子を蒸着し、放射光を用いた ARPES 実
験によって電子状態を決定した。その結果、HfTe 2 層間への K 原子のインターカレーション





 これまで物性が未解明であった種々の単層 TMD を独自に作製し、それらの電子的構造を
ARPES による直接観測から明らかにした以上の成果は、中田優樹が自立して研究活動を行う
のに必要な高度の研究能力と学識を有することを示している。したがって、中田優樹提出の
博士論文を、博士(理学)の学位論文として合格と認める。  
